INTRODUCTION {#sec1-1}
============

Cardiac disease is the leading cause of death in the United States.\[[@ref1]\] Acute coronary syndromes (ACSs) constitute a vast majority of former. Annually, approximately 735,000 Americans experience a myocardial infarction (MI).\[[@ref2]\] As mortality from coronary events has been decreasing with advancements in medical science, we are now seeing more chronic sequelae/morbidity related to coronary heart disease (CHD). Psychiatric diseases significantly contribute toward the latter. It is well known that medical diseases can precipitate posttraumatic stress disorder (PTSD).\[[@ref3]\] MI can be one such traumatic event. Post-MI (PMI) major depression, acute stress disorder, and PTSD are well described in the literature. Although the data on negative cardiovascular (CV) effect of major depression following MI is more robust,\[[@ref4][@ref5]\] there is increasing evidence (albeit, primarily observational) of an adverse CV risk associated with PTSD patients after an MI.

DEFINITION OF POSTTRAUMATIC STRESS DISORDER {#sec1-2}
===========================================

The 5^th^ edition of the Diagnostic and Statistical Manual of Mental Diseases (DSM) puts forth specific criteria for the diagnosis of PTSD under the classification of Trauma and Stressor-related disorders. Criteria A: The person was exposed to: death, threatened death, actual or threatened serious injury, or actual or threatened sexual violence. Criteria B: Patient re-experiences the traumatic events in the form of flashbacks, intrusions, nightmares resulting in avoidance of stimuli which may have been associated with the initial trauma (Criteria C). Criteria D: The presence of negative thoughts or feelings that began or worsened after the trauma, for example, inability to recall key features of the trauma or overly negative thoughts and assumptions about oneself or the world. Criteria E: The presence of 2 trauma-related arousal and reactivity that began or worsened after the trauma, such as irritability or aggression, risky or destructive behavior, hypervigilance, increased startle, and poor concentration. All these defining criteria (A-E) have to be present and must last for more than 1 month (Criteria F). These should also significantly interfere with normal day-to-day functioning of the patient (Criteria G).\[[@ref6][@ref7]\] Studies have described PTSD either through self-describing questionaries\' or through posttraumatic diagnostic scales.

POSTTRAUMATIC STRESS DISORDER AND THE HEART {#sec1-3}
===========================================

In the last few decades, once large prospective studies established hypertension, smoking, diabetes, hyperlipidemia, etc., as the traditional cardiac risk factors,\[[@ref8]\] the focus shifted to psychosocial stressors. Subsequently, the INTER-HEART research group and other researchers established that psychosomatic and mental diseases conferred cardiac risk.\[[@ref9][@ref10][@ref11]\] On the other hand, MI often has an acute and frequently unexpected presentation, and thus it has the potential to cause psychological trauma. This along with growing evidence that medical diseases like MI can be the inciting traumatic event for patients with PTSD has led researchers to describe a specific PMI posttraumatic diagnostic scale.\[[@ref12]\]

PREVALENCE OF POSTMYOCARDIAL INFARCTION-POSTTRAUMATIC STRESS DISORDER {#sec1-4}
=====================================================================

There has been controversy regarding true prevalence of PTSD following an MI, primarily because studies utilizing self-reported questionnaires resulted in an inflated prevalence of the disease. In contrast, when utilizing more strict structured interviews with specific diagnostic scales, the prevalence is lower.\[[@ref13]\] Nonetheless, most researchers agree that in general PMI-PTSD is under-diagnosed, as patients often may not want to answer questions.\[[@ref7]\] Studies have reported the prevalence of PMI-PTSD to be as high as 30%, but a meta-analysis of 24 observational cross-sectional studies estimated the prevalence to be 12%.\[[@ref14][@ref15]\] This is much higher than the prevalence of PTSD in the general population (10%--12% in men and 5%--6% in women).\[[@ref16]\] As survival rates from MI and cardiac arrest (CA) have increased with advanced medical technology both in the community (e.g., automated external defibrillator) and in-hospital, more people are living to remember these life-threatening events. As a result, the relationship between cardiac events and subsequent traumatic symptoms is also coming into light. These patients may be prone to develop re-experiencing (e.g., recalling the cardiac event or defibrillator shocks, dreams of CA, flashbacks of medical interventions, and surgical procedures), avoidance (e.g., avoid reminders of the cardiac event such as the location of the event, the hospital, medication, situations in which heart rate increases such as exercise or sexual activity), and arousal symptoms (e.g., preoccupation with heart rate or chest pain; insomnia).\[[@ref17]\] There is some controversy about the chronicity of PMI-PTSD. The study by Pedersen *et al*. suggested that its prevalence decreases over time,\[[@ref18]\] but Abbas and colleagues demonstrated that although the severity decreases, PMI-PTSD follows a more waxing and waning course. If there is long-term follow-up of patients, PMI-PTSD persists in up to two-third of the patients. This has led to advocacy for a longer follow-up of patients. Out of all the clinical features of PTSD, hyperarousability is the least likely to resolve over time.\[[@ref19]\]

ETIOLOGY OF POSTMYOCARDIAL INFARCTION-POSTTRAUMATIC STRESS DISORDER {#sec1-5}
===================================================================

As a majority of patients did not develop PTSD after an MI, research began into personality traits and into stress and coping mechanisms to explain the development of PTSD.\[[@ref20]\] Investigation into these areas showed a relationship between PMI-PTSD and neuroticism, Type D personality disorder (defined as being worried, irritable and expressing negative emotions) and alexithymia.\[[@ref21][@ref22][@ref23]\] The latter is a subconscious inability to discern and understand emotions. Neurotic traits tended to magnify the impact of MI.\[[@ref24]\] Threat to life, feeling intense fear/helplessness, co-existing severe depression, and history of referral to psychotherapist/psychiatrist have been shown to predict more intense symptoms of PMI-PTSD. Several risk factors have been described for the development of PMI-PTSD. These include younger age, lack of social support, severity and duration of chest pain at index admission, and ethnicity of the patients.\[[@ref18][@ref21][@ref25][@ref26][@ref27]\] The reason younger people tend to have more PMI-PTSD is that MI is less expected in these younger individuals and so they are less prepared for it.\[[@ref24][@ref28]\] As African Americans tend to have MI at a younger age, they tend to have higher PMI-PTSD.\[[@ref14]\] In addition, it has been shown that the female gender is not only associated with development of PMI--PTSD, but also is associated with persistence over time.\[[@ref13][@ref27]\] Although expected, it was found that PTSD does not correlate with clinical severity of the MI. There is some anecdotal evidence that the subjective perception of the trauma is more important than the severity (number of coronary occlusions, creatinine kinase levels, ejection fraction, etc.) of the trauma itself.\[[@ref14][@ref25][@ref26][@ref27][@ref29][@ref30][@ref31]\] Some researchers divided risk of PMI-PTSD into pre-MI, peri-MI, and PMI risk factor categories. Substance abuse was identified as an important pre-MI risk factor, while symptoms of dissociation and poor access to social support were important peri-MI risk determinants of PTSD.\[[@ref13]\] Crowded emergency room setting with less than optimal initial care during index MI has been suggested as another factor that might lead to PMI-PTSD.\[[@ref32]\]

POSTTRAUMATIC STRESS DISORDER AND ADVERSE CARDIOVASCULAR RISK {#sec1-6}
=============================================================

PTSD is a state of adrenergic overactivity. This is secondary to the central effects of stressors on the hypothalamic-pituitary-axis (HPA). This is described as neuro-endocrinal alterations leading to peripheral stress.\[[@ref33][@ref34]\] It has been postulated that PTSD causes increased downstream receptor activity, which in turn decreases cortisol levels through negative feedback. Relative cortisol deficiency results in a heightened inflammatory state and an excess of catecholamines, both of which are detrimental to patients with CHD.\[[@ref35][@ref36][@ref37]\] These may also cause unfavorable effects such as elevated resting heart rate, heart rate variability, lowered vagal tone, and predisposition to ventricular arrhythmias.\[[@ref38][@ref39][@ref40][@ref41][@ref42]\] An interplay between hormonal, psychosomatic, and inflammatory mediators leads to the untoward CV risk in patients with PMI-PTSD \[[Figure 1](#F1){ref-type="fig"}\]. In addition, Gander and von Känel\[[@ref7]\] have demonstrated that patients with PTSD also have increased prevalence of traditional cardiac risk factors such as hypertension, obesity, hyperlipidemia, diabetes, smoking, and low physical activity. PTSD has also been shown to be a pro-coagulant state.\[[@ref43]\] Elevated levels of interleukin-6 (IL-6) have been demonstrated in PTSD, which has also been implicated in the progression of atherosclerosis.\[[@ref44][@ref45]\] PTSD patients also have elevated levels of other inflammatory markers such as tumor necrosis factor, IL-1, and C-reactive protein all of which carry vascular risk.\[[@ref46]\] There is literature supporting increased platelet activity and a shift toward a more atherogenic lipid pool.\[[@ref47][@ref48][@ref49]\] Boscarino and Chang established that PTSD increases risk of MI fourfold through cross-sectional studies,\[[@ref50]\] but more recent meta-analytical data reveal that the risk may be double in comparison to no PMI-PTSD (odds ratio = 1.7--2.4).\[[@ref15]\] This risk is at par with the risk of mortality in PMI-depression.\[[@ref51]\] Several observational studies and one recent meta-analysis have shown that PMI PTSD increases CV mortality twofold.\[[@ref15]\] The latter also demonstrated that these patients have an elevated risk of recurrent cardiac events. It is postulated that patients with PTSD can have adverse events not only related to adverse pathophysiological cascades but that these patients are more likely to have medication noncompliance. The latter is usually because these medications can serve as traumatic reminders of their index MI (initial trauma) and result in maladaptive coping strategies.\[[@ref10][@ref52][@ref53]\] These can also lead to not seeking medical help for a repeat coronary event, accentuating CV morbidity/mortality, and increasing readmissions related to CHD.\[[@ref54][@ref55]\] In addition, PMI patients may not develop full-blown PTSD (as diagnosed by strict DSM criteria) but may still have an elevated adverse cardiac risk.\[[@ref13]\] There was both an increase in CV mortality and nonfatal CV outcomes (including poor quality of life) associated with PMI-PTSD.\[[@ref28][@ref56]\] von Känel *et al*. demonstrated that for each 10 point increase in PMI-PTSD severity (using a structured PMI-PTSD scales), there was an independent increased risk of nonfatal cardiac events including recurrent MI, coronary stenting, coronary bypass surgery, stroke, and pacemaker insertion. This was the first time that nonfatal CV events were independently linked to PMI-PTSD. In addition, they demonstrated that intrusive symptoms of PTSD were the ones that were specifically associated with CV outcomes.\[[@ref12]\] More recently Ahmadi *et al*. linked objective coronary atherosclerosis and CV mortality to PTSD using coronary calcium scoring (CAC). They demonstrated that PTSD was an independent predictor of CV mortality (independent of the traditional CV risk factors) and additionally each CAC group had higher mortality if they had PTSD compared to if they did not.\[[@ref57]\] After anatomical evidence of CHD was linked to PTSD using CAC, another study performed by Vaccarino demonstrated a similar negative relationship between PTSD and CV outcomes using functional testing like positron emission tomography. This study was conducted in Vietnam war veteran twins and also revealed that association between PTSD and CHD was not confounded by familial factors.\[[@ref16]\] When specifically looking at the PMI-PTSD population, Edmondson *et al*. showed that there was a statistically significant increase in major adverse CV events and recurrent ACS during a 42 months\' follow-up, independent of the initial Global registry of acute coronary events score or Charlson comorbidity index.\[[@ref58]\] This further cements the unfavorable association between PMI-PTSD and future CV disease.\[[@ref12]\] Twenty percent patients developed major depression following an MI, thus, there was concern that PTSD PMI seldom occurs as a standalone psychiatric disease.\[[@ref59]\] This resulted in concern that at least part of the psychiatric induced untoward cardiac risk PMI may be related to concomitant depression. However, von Känel showed that there is a divergent HPA axis behavior in PTSD in comparison to that in major depression (which can in part help distinguish coexisting depression).\[[@ref33][@ref60]\] In addition, Kubzansky *et al*. demonstrated that the elevated CV risk in PTSD was independent of coexisting major depression and patients with PTSD and depression tended to have higher norepinephrine levels than those with depression alone.\[[@ref61][@ref62]\] Given the strong association between MI and development of PTSD with poor CV outcomes, there is a current randomized control trial underway which is trying to evaluate the benefit of short session psychotherapy to prevent PMI-PTSD in patients after an MI.\[[@ref32]\] A summary of the most prominent literature available connecting CV disease and PTSD as well as recurrent unfavorable coronary outcomes in patients who develop PMI-PTSD is depicted in [Table 1](#T1){ref-type="table"}.
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Summary of the predominant literature in relation to diagnostic criteria, risk factors and cardiovascular outcomes in patients with postmyocardial infarction-posttraumatic stress disorder
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CORONARY ARTERY BYPASS GRAFT SURGERY-RELATED POSTTRAUMATIC STRESS DISORDER {#sec1-7}
==========================================================================

Cardiac-related PTSD has been reported in 8%--18% of coronary artery bypass graft surgery (CABG) patients between 6 and 12 months postoperatively.\[[@ref63][@ref64]\] The said risk may be higher in those with prior experience of undergoing surgery. Stoll *et al*. compared patients undergoing cardiac surgery with healthy persons and with those undergoing other surgery and noted a higher incidence of PTSD in cardiac surgery patients. Disease severity and duration in Intensive Care Unit were found to be predictors of PTSD.\[[@ref64]\] In another study, the strongest risk factor for a higher level of PTSD symptomatology 6 months postoperatively was a higher level of preoperative PTSD symptomatology. Research assessing the relationship between presurgical trauma/PTSD and medical outcomes following CABG is limited.\[[@ref61][@ref65]\] Further, most studies have investigated populations receiving elective CABG,\[[@ref65][@ref66]\] with few studies including patients undergoing emergency cardiac surgery.\[[@ref63]\] Psychosocial factors negatively impact the prognosis of patients with CAD independently of disease severity.\[[@ref10][@ref67]\] PTSD may, therefore, increase risk of both psychological and medical adverse outcomes following CABG. PTSD following MI has been shown to predict nonadherence to medication, and increased likelihood of cardiac re-admission and mortality PMI,\[[@ref68]\] and it is likely that the same risk applies to post-CABG patients. In post-CABG patients, PTSD symptomatology was significantly associated with impairments in social and emotional functioning, mental health and vitality, and with lower life satisfaction.\[[@ref64]\] At 6--12 months postoperatively, it has been associated with impairments in work, social and leisure activities, marital, financial and parental roles, and family relationships.\[[@ref63]\] Some investigations have found that degree of PTS symptomatology and not PTSD diagnosis better predicted psychological and medical outcomes.\[[@ref69]\] Assessing the scope and severity of PTS symptomatology using the PTS total score may better identify those prone to perceiving the cardiac event and surgery as more frightening and life-threatening than whether the PTS symptoms meet DSM5 diagnostic criteria for current PTSD or not. A lower level of PTSD symptomatology, in relation to being informed of the need for cardiac surgery, was predictive of longer postoperative length of hospital stay, with the finding linked to behavioral mechanisms such as increased use of avoidance coping. A comprehensive preoperative screening of psychological risk for all patients awaiting CABG is a necessary step. The identification of modifiable risk factors for postoperative PTSD can aid in the development of interventions that can reduce the deleterious impact of such problems and improve patient outcomes. Adrenaline is reported to be associated with traumatic memories and PTSD and therefore by corollary B-blockers (BBs) may reduce the incidence of PTSD. BB use on PTSD symptoms has been explored in a limited number of controlled pilot trials, which showed either no effect\[[@ref70]\] or only moderate efficacy.\[[@ref70][@ref71]\]

CONCLUSION {#sec1-8}
==========

PTSD has a strong association with MI and CABG and can be a source of considerable morbidity and mortality. Not only can it be precipitated by a MI, but is also detrimental to future CV events. The latter is the result of a combination of pathological coping mechanisms associated with PTSD but also from a swing in the pendulum to a highly pro-atherogenic milieu. Long-term CV mortality and nonfatal adverse cardiac events have been closely tied to PMI-PTSD. Thus, it can be stated that like major depression, PTSD is a strong negative CV risk modifier. A multi-departmental team including a cardiologist, psychiatrist, psychotherapist, and patient\'s family should closely monitor and manage such patients with PMI-PTSD. Long-term follow-up is strongly recommended as many of these patients develop unfavorable events after a waxing and waning clinical course separated by periods of quiescence.
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